A neurysmal subarachnoid hemorrhage (SAH) can be a catastrophic and disabling event.
Mortality is estimated at about 10% to 15% before reaching the hospital and up to 40% within the first month. 1 Recent advances in the management of aneurysmal SAH have increased the survival rate and reduced disability, 2 but it is still estimated that 50% of patients will experience permanent physical or cognitive impairment. 3 The lifetime cost to care for patients with aneurysmal SAH is more than double that of those with an ischemic stroke. 4 Survivors of aneurysmal SAH are faced with a complicated recovery, which typically includes surgery, prolonged monitoring in the intensive care unit (ICU), and treatment focusing on the prevention of complications. Neurologic complications include rebleeding, hydrocephalus, seizure, and delayed cerebral ischemia (DCI). 5, 6 Extracranial complications following aneurysmal SAH include hyponatremia, intravascular volume depletion, and cardiac dysfunction. 6 Along with the complications specific to aneurysmal SAH, these patients also are at risk for the pulmonary, cardiovascular, and neuromuscular complications associated with immobility and critical illness that lead to cognitive, psychological, neuromuscular, and functional decline. [7] [8] [9] [10] [11] [12] Early mobilization, a multidisciplinary approach to increasing patient participation in upright functional activity, has been determined to reduce the complications associated with critical illness in certain patient populations. Early mobilization programs for patients on mechanical ventilation were found to be safe, reduce ICU and hospital length of stay, improve functional outcomes, and potentially reduce the complications of critical illness. [13] [14] [15] [16] [17] [18] Likewise, AVERT (A Very Early Rehabilitation Trial) examined the effects of early mobilization on patients with all types of stroke who were not admitted to the ICU. Early mobilization within 24 hours of stroke onset was found to be feasible and did not increase 3-month mortality. 19 Patients returned to walking 2.5 days faster, experienced improved function at 3 and 12 months, and were less depressed at 7 days after stroke. 20, 21 In addition, it cost less to care for patients receiving early mobilization compared with those receiving standard care. 22 Because the clinical management of aneurysmal SAH differs from that of other types of stroke, 23,24 we examined studies supporting the mobilization of patients with aneurysmal SAH. In previous studies investigating positional changes in patients with aneurysmal SAH, it was determined that head of bed position did not increase incidence of DCI or change cerebral hemodynamics. 25, 26 Likewise, passive range of motion and active exercise did not increase intracranial pressure (ICP) or cerebral perfusion pressure (CPP) in patients receiving physical therapy in the neurosurgical intensive care unit. 27, 28 Although there have been no studies that specifically investigated the early mobilization of patients with aneurysmal SAH, early rehabilitation has been suggested, 29 and there has been a reduction in the rate of bed rest prescribed at admission. 23 At our facility, patients were generally immobile and prescribed bed rest after aneurysm treatment to reduce the neurologic complications associated with aneurysmal SAH. Aware of these complications, our multidisciplinary neurocritical care team hypothesized that the benefits associated with the early mobilization of patients with aneurysmal SAH might outweigh the unknown risks. The purpose of this study was to determine the safety and feasibility of an early mobilization program designed for patients with aneurysmal SAH.
Method
Design Overview A retrospective study was conducted to examine the safety and feasibility of an early mobilization program for patients with aneurysmal SAH. calculated from TCD ultrasonography and used as a predictor for the development of DCI. 30 -32 Continuous electroencephalography was conducted on patients in the study but did not preclude participation in the early mobilization program unless there was evidence of ischemia or seizure. Likewise, mechanical ventilation, external ventricular or lumbar drains, and arterial lines did not preclude patients from participating in the study.
Setting and Participants

Early Mobilization Program
The criteria to participate in the early mobilization program were derived from an early mobilization protocol for patients on mechanical ventilation in the ICU 18 and modified for patients with aneurysmal SAH (Appendix 1). The criteria focused on ensuring neurologic and physiologic stability prior to the initiation of early mobilization program sessions. Preventing DCI and elevated ICP while maintaining adequate CPP are major components in the management of patients with aneurysmal SAH. 24 Because the effects of early mobilization on patients with aneurysmal SAH were unknown, participation in the early mobilization program was limited to patients at lower risk for the development of complications. Patients meeting the criteria for participation had a lower risk for DCI (Lindegaard ratio Յ3.0, MCA MFV Յ120 cm/s), 30 -32 Patients identified for the study were assessed daily by a physical therapist or an occupational therapist, or both, to determine whether criteria were met to participate in the early mobilization program. Patients not meeting the criteria to participate in the early mobilization program were reassessed the following day. Early mobilization program sessions were conducted by the physical therapist or occupational therapist and lasted from 30 to 60 minutes, depending on patient tolerance. Patient participation in the early mobilization program was discussed daily with the multidisciplinary neurocritical care team, which consisted of neurosurgeons, intensivists, nurses, respiratory therapists, physical therapists, and occupational therapists. Neurologic presentation and physiologic stability were monitored during the early mobilization program sessions. Adverse events (Appendix 2) were similar to the participation criteria with the exception that the MAP threshold was set at 10 mm Hg above and below the participation criteria range because of the MAP variability associated with activity and positional changes. If an adverse event occurred during the session, the session was terminated. The physical therapist and occupational therapist documented in the medical record their intervention and adverse events that occurred during the session.
Early mobilization program sessions focused on positioning, education, functional training, and therapeutic exercise in the supine, sitting, standing, and walking positions (Tab. 1). Initially, functional training in the supine position consisted of bed mobility training and the transition in patient position from supine to with the head of bed elevated 30 
Outcome Measures
Primary outcomes of the study were the safety and feasibility of patient participation in the early mobilization program. Safety was measured by the quantity and type of adverse events that occurred during early mobilization program sessions and the 30-day mortality rate. The feasibility of patient participation was measured by the following: early mobilization program sessions attempted, sessions where criteria to participate were met, sessions where criteria to participate were not met, and reasons why patients did not meet participation criteria. Secondary outcomes included the following: type of interventions utilized during sessions, number of sessions that included out-of-bed activity and walking Ն15.24 m (50 ft), average time from admission to out-of-bed activity and walking Ն15.24 m, Barthel Index (BI) 33 at discharge, and discharge destination from the acute hospital.
Data Analysis
Data were collected from retrospective chart review by 3 investigators (B.F.O., L.E.S., and M.L.A.). Microsoft Excel software (Microsoft Office 2010, Microsoft Corporation, Redmond, Washington) was used for data collection and analysis. Descriptive statistics are represented as number (percentages) and means (standard deviations) unless otherwise specified.
Results
Between January 2011 and May 2011, 40 patients were admitted to the neurosurgical ICU with a diagnosis of SAH. Fifteen patients were excluded because the SAH was determined to be caused by trauma (nϭ10) or arteriovenous malformation (nϭ1) or because care was withdrawn (nϭ4). The remaining 25 patients were included in the early mobilization program study. The majority of patients in the study were female (76.0%), and the mean age was 55.6 years (SDϭ11.8). Three patients (12%) were classified as poor grade SAH (Hunt and Hess grade IV/V), and the average hospital length of stay was 14.1 days (SDϭ4.4). Demographic and clinical characteristics are summarized in Table 2 . Participation in the early mobilization program was initiated a mean of 3.2 days (SDϭ1.3) after aneurysmal SAH. Sixty percent of the patients were discharged home, and the remaining 40% went to an inpatient rehabilitation facility. At discharge, the mean BI score was 59.8 (SDϭ35.5), and the median modified Rankin Scale score was 2, suggesting that disability was experienced in the majority of patients as a result of aneurysmal SAH. 34 Early mobilization program outcome data are summarized in Table 3 .
Discussion
With evidence suggesting the safety, feasibility, and efficacy of early mobilization programs for various patient populations, we developed an early mobilization program for patients with aneurysmal SAH to prevent the complications associated with immobility and critical illness that lead to cognitive, psychological, neuromuscular, and functional decline. Participation in the early mobilization program was feasible soon after aneurysm treatment and until discharge from the hospital. Participation in the early mobilization program was initiated 3.2 days after aneurysmal SAH. Limited participation was observed on days 1 and 2 after aneurysmal SAH due the need for aneurysm treatment (Figure) . Participation increased on day 3 and remained elevated until day 17 after aneurysmal SAH, which was consistent with average hospital length of stay (14.4 days).
The criteria for participation in the early mobilization program focused on ensuring neurologic and physiologic stability prior to the initiation of a session. The MCA MFV and Lindegaard ratio, predictors for the development of DCI, 30 -32 were included in the criteria to participate in early mobilization program sessions. In this study, patients most likely did not meet the criteria to participate because the MCA MFV and Lindegaard ratio predicted an increased risk of DCI (8.1%). Overall, patients met the criteria for participation in the majority of early mobilization program sessions attempted (86.1%), which is consistent with participation rates in other early mobilization studies. 17, 18 As a high participation rate was observed, future studies might include early mobilization in patients with predictors of DCI and a stable neurologic examination. The 30-day mortality rate is lower than observed in aneurysmal SAH 1 because patients who had care withdrawn were excluded from the study. Because no patients in the study died within 30 days, the early mobilization program did not increase 30-day mortality in our study. Patients experienced minimal adverse events, which were attributed to the normal physiological changes associated with activity. Patients who experienced an adverse event were able to continue in the early mobilization program until discharge from the hospital. The rate of adverse events in this study (5.9%) is comparable to that in other early mobilization studies. 17, 18 The maintenance of patients within the established MAP parameters was challenging because of MAP variability associated with activity and positional changes. Adverse events most likely occurred during the early mobilization program sessions because the MAP trended below 70 mm Hg (3.1%) or above 120 mm Hg (2.4%). Adverse events occurred consistently between days 3 and 14 after aneurysmal SAH (Figure) , when patients were at highest risk for DCI. 24 In all sessions where an adverse event occurred because the MAP trended below the threshold (70 mm Hg), patients were receiving training that focused on the transition to a more upright position (supine to head of bed 30°, head of bed 30°to sitting, sitting to standing). During the mobilization of patients with acute aneurysmal SAH, MAP should be closely monitored during transitions to more progressively upright positions, especially during the time when maintaining adequate CPP is a priority in patients at highest risk for DCI.
The AVERT trials have demonstrated the benefits of early mobilization in patients with stroke but did not include patients who were admitted to the ICU. 19 -22 While receiving the highest level of monitoring in a neu-
Figure.
Temporal distribution of the occurrence of early mobilization program sessions and adverse events during the early mobilization program. SAHϭsubarachnoid hemorrhage. The majority of patients were classified as having a Hunt and Hess score between I and III (Tab. 2). The exclusion of patients who had care withdrawn contributed to the low incidence of poor grade aneurysmal SAH in this study. In patients with poor grade aneurysmal SAH, adverse events occurred in 5.0% of the sessions, which was less than the overall adverse event rate observed in the study (5.9%). Patients with poor grade aneurysmal SAH participated in 62.5% of the early mobilization sessions compared with an overall participation rate of 86.1% for the study, suggesting that there might be a lower participation rate in the early mobilization of patients with poor grade aneurysmal SAH due to problems with neurologic and physiologic stability.
Limitations
This study has several limitations. It examined the results of an early mobilization program in a relatively small sample of patients with aneurysmal SAH. Although several patients were excluded because care was withdrawn, a larger sample of patients might have increased the number of those with poor grade aneurysmal SAH included in our study. In addition, this study was a retrospective analysis of an early mobilization program in patients with aneurysmal SAH that did not allow for an outcome comparison.
Conclusion
The results of this retrospective study suggest that an early mobilization program for patients with SAH is safe and feasible.
